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FIG 1 100

providing a single-crystalline substrate comprising
a first material, the single-crystalline substrate 110
having a surface area

forming a marking structure on the surface area of the
single-crystalline substrate, wherein the marking 120
structure comprises a first semiconductor material

depositing a semiconductor layer on the marking
structure and at least partially on the surface area of the
single-crystalline substrate, wherein the semiconductor
layer comprises the second semiconductor material,
and wherein the marking structure is buried under the
second semiconductor material
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METHOD FOR MANUFACTURING A
MARKED SINGLE-CRYSTALLINE
SUBSTRATE AND SEMICONDUCTOR
DEVICE WITH MARKING

TECHNICAL FIELD

Embodiments of the present invention relate to a method
for manufacturing a marked or watermarked single-crystal-
line substrate for an integrated circuit or a semiconductor chip
and to a marked single-crystalline substrate having an 1nvis-
ible marking or watermarking in form of a structured semi-
conductor layer buried under a further semiconductor layer in
order to prevent falsified clones of integrated circuits.

BACKGROUND

In the field of integrated circuits there are several cases
where 1ntegrated circuits are cloned by unauthorized compa-
nies. However, cloned integrated circuits (ICs or chips) have
in many cases an inferior quality and therefore a reduced
reliability with respect to their operational characteristics.
Thus, the utilization of cloned integrated circuits having a
minor quality can lead to a reduced confidence at the cus-
tomer side when those chips fail due to their inferior reliabil-
ity and can have a negative impact on the sales volume of the
manufacturer or provider.

Currently, visible logos are placed on the chip and its
package. Furthermore, serial numbers on the chips are used to
track deliveries. These measures are effective, but such marks
can be relatively easily reproduced.

SUMMARY OF THE INVENTION

Embodiments of the present invention relate to a method
for manufacturing a marked single-crystalline substrate, e.g.
comprising a single-crystalline semiconductor material or a
single-crystalline sapphire material. The method comprises
providing a single-crystalline substrate comprising a single-
crystalline material, the single-crystalline substrate having a
surface area; forming a marking structure on the surface area
ol the single-crystalline substrate, wherein the marking struc-
ture comprises a {irst semiconductor material; and depositing,
a semiconductor layer on the marking structure and at least
partially on the surface area of the semiconductor substrate,
wherein the semiconductor layer comprises a second semi-
conductor material, wherein the marking structure 1s buried
under the second semiconductor material.

Another embodiment provides a marked semiconductor
device that comprises a single-crystalline substrate, the
single-crystalline substrate comprising a single-crystalline
matenal, and a marking structure on the single-crystalline
substrate that 1s buried under a covering semiconductor layer.
Themarking structure 1s a structured layer comprised of a first
semiconductor material buried under a second semiconductor
material of the covering second semiconductor layer.

In an embodiment, the lattice mismatch of the first and
second semiconductor materials 1s less than 10% (or less than
6%), 1.¢. the difference of the lattice constants of the first and
second semiconductor materials 1s less than 10% (or less than

6%).

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will subsequently be
discussed referring to the enclosed figures 1n which:
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FIG. 1 shows a schematic flow diagram of a method for
marking a single-crystalline substrate according to an

embodiment;

FIG. 2a-b show exemplary absorption coellicients of Si
and S1Ge and an exemplary reflection spectrum of a S1Ge/Si
stack using S1Ge ellipsometry and reflectometry according to
an embodiment;

FIG. 3a shows a schematic top view of a semiconductor
device with the single-crystalline substrate having a marking
thereon according to an embodiment; and

FIG. 35 shows a schematic cross-sectional view of a semi-
conductor device with the single-crystalline substrate having
a marking thereon according to an embodiment.

DETAILED DESCRIPTION OF ILLUSTRATITV.
EMBODIMENTS

(L]

Before embodiments of the present invention will be
described in more detail, 1t 1s to be pointed out that same,
similar or i1dentical elements having the same, similar or
identical functionality are provided with the same reference
numbers so that elements referred to by 1dentical reference
numbers within the different embodiments are interchange-
able and the description thereof 1s mutually applicable.

FIG. 1 shows a method 100 for manufacturing a marked
(watermarked or labeled) single-crystalline substrate accord-
ing to an embodiment of the present invention. The single-
crystalline substrate may comprise a single-crystalline semi-
conductor material or a single-crystalline sapphire material.

According to the method 100 for manufacturing a marked
single-crystalline substrate, a single-crystalline substrate
comprising a first single-crystalline material 1s provided 110.
The single-crystalline substrate has a surface area, and the
surface area of the single-crystalline substrate may be
regarded as a main surface of the single-crystalline substrate
on which essentially the semiconductor processing 1s per-
formed. Thus, the surface area may form a processing surface
of the single-crystalline substrate.

A marking structure 1s formed 120 on a marking region of
the surface area of the single-crystalline substrate, 1.e. on a
region of the surface area that 1s intended to comprise the
marking structure of the single-crystalline substrate. The
marking structure 1s formed as a structured semiconductor
layer and comprises a first semiconductor material.

Forming the structured layer may comprise (e.g. epitaxi-
ally) depositing or growing 120-1 a thin material layer having
a first semiconductor material with a first thickness d, on the
marking region of the surface area of the single-crystalline
substrate, and (e.g. photolithographically) structuring 120-2
the thin material layer for providing the marking structure in
the form of the structured, thin material layer.

Thereatter, a second semiconductor layer 1s deposited on
the marking structure and at least partially or completely on
the (remaiming) surface area of the single-crystalline sub-
strate. The second semiconductor layer comprises a second
semiconductor material. Thus, the marking structure (1.e. the
structured layer of the first semiconductor material) 1s located
under this covering semiconductor layer and, thus, buried
under the second semiconductor material.

In an example, the single-crystalline substrate also com-
prises the second semiconductor material, and the structured
semiconductor layer comprising the {first semiconductor
material 1s located under this covering semiconductor layer
and, thus, 1s buried “in” the second semiconductor material
(1.e. 1n the resulting semiconductor substrate).

In a further example, the single-crystalline substrate and
the covering semiconductor layer comprise different single-
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crystalline materials, and the structured semiconductor layer
comprising the first semiconductor material 1s located
between the single-crystalline substrate and the covering
semiconductor layer and, thus, buried “under” the second
semiconductor material. The single-crystalline substrate may
comprise a single-crystalline sapphire matenal, for example.

The lattice constants of the first semiconductor material
and the second semiconductor material are chosen for obtain-
ing a lattice mismatch of the first and second semiconductor
materials which 1s less than 10% (or 6%), 1.e. the difference of
the lattice constants of the first and second semiconductor
materials 1s less than 10% (or 6%). For example, silicon (S1)
has a lattice constant a., of 5,43095 A at 300K, and germa-
nium (Ge) has a lattice constant a,,, which 1s 4.2% higher than
the lattice constant a, of silicon (a,;_=1,042 a.,). The lattice
constant a. . of S1Ge material can be chosen on the basis of
the ratio between S1 and Ge 1n the S1Ge material, 1.e. on the
proportion of Ge 1n the SiGe material. Thus, the lattice con-
stant a., - 1s between a., and a;, (1.€. ag,=a,-.<a.,).

The single-crystalline substrate and the second semicon-
ductor layer may comprise silicon (S1) as the second semi-
conductor material, wherein the structured layer may com-
prise S1Ge or S1GeSn as the first semiconductor material. The
S1Ge-material may have a Ge (germanium) content of 1 to
35% or the SiGeSn-material may have a tin (Sn) content
below 10% (e.g. between 1 to 10%). The addition of Sn
material to an S1Ge alloy allows to independently adjust the
lattice constant and the band gap of the resulting SiGeSn
material.

When incorporating Sn as an additional element into the
S1Ge material, the resulting mismatch of the lattice constants
1s to be considered. Thus, for example a S1GeSn compound
can be utilized, wherein SnD4 may be necessary for a CVD
process (D for Deuterium).

Alternatively, the single-crystalline substrate material may
comprise GalN or Sapphire (Al,O,). The first semiconductor
material may comprise GaAlN, wherein the second semicon-
ductor material may comprise GaN.

Thus, the single-crystalline substrate material may com-
prise, for example, a sapphire material as substrate matenal
for a GaN/GaAIN stack. GaN can be used as the second
semiconductor materal for the covering layer due to 1ts large
band gap, wherein GaAIN can be used as the first semicon-
ductor material (e.g. alternatingly) in a layered stack with
GaN. A GaAlN layer may function as an adaption layer
between two GaNN layers.

Moreover, the first sesmiconductor material of the marking
structure may have a thickness d, of at least 2 nm (or between
2 nm and 1000 nm). The second semiconductor material of
the second semiconductor layer, which covers the marking
structure and (at least partially or completely) the surface area
of the single-crystalline substrate, may have a thickness d,
less than 1000 nm (or between 10 nm and 1000 nm).

It should be clear 1n the present context that other materials
can be utilized for the first semiconductor material and the
second semiconductor material 1nsofar as the lattice mis-
match of the utilized semiconductor materials 1s within a
predefined range and a semiconductor stack comprised of the
first semiconductor material and the second semiconductor
material can be procedurally realized by means of semicon-
ductor processing techniques. Moreover, the feasible ranges
tor the respective thicknesses of the first and second semicon-
ductor layers may depend on the specific materials and pro-
portions (Iractions) of the material compounds used for the
first and second semiconductor materials, respectively.

To be more specific, epitaxial depositing steps may result
in mechanical stress and displacements in the material of the
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epitaxially grown semiconductor layers depending on the
deposit thicknesses and on the specific materials and material
compounds for the semiconductor layers. The mechanical
stress and the displacements 1n the maternal of the epitaxially
grown semiconductor layers may increase with increased
deposit thicknesses.

As 1indicated above, the S1Ge-material of a S1/S1Ge stack
may have a Ge (germanium) content of 1% to 35% (or 4% to
30%), wherein the possible ranges for the layer thicknesses of
the S1Ge/S1 stack depend on the specific Ge content. Gener-
ally, 1t can be assumed that with an 1increasing Ge content 1n
the S1Ge material the feasible thickness of the (structured)
S1Ge layer of the SiGe/S1 stack decreases. For example,
assuming a Ge content o1 4%, the thickness d, of the first layer
can be chosen up to approximately 1000 nm (or between 2
and 1000 nm), and the thickness d, of the second layer can be
chosen between 100 and 1000 nm). Assuming a Ge content of
25%, the thickness d, of the first layer can be chosen up to
approximately 100 nm (or between 2 and 100 nm), and the
thickness d, of the second layer can be chosen up to several
um (e.g. up to 5 um).

Before, during and/or aiter performing the method steps
for manufacturing a marked semiconductor substrate, circuit
clements may be formed 1n the first semiconductor material
of the semiconductor substrate or the semiconductor layer,
wherein the marking structure may be without electrical func-
tionality for the circuit elements.

Thus, the marking structure may form a label or a so called
watermark for the semiconductor chip (device) and may com-
prise a (company) logo, a code, a barcode, a sign or a
sequence of signs (alphanumeric signs), a text or any combi-
nation thereof. The marking structure may indicate any fab-
rication details, e.g. manufacturer, manufacturing location,
manufacturing date, serial number, batch, lot or charge num-
ber, etc. or any combination thereof.

Additionally or alternatively to the above described mark-
ing structure in form of a label, the marking structure may also
comprise a diode (e.g. apn junction) which i1s accessible to the
outside by means of contact elements. The characteristic line
of the diode can be read out by an electrical test. Based on the
read-out diode characteristics, a falsified clone can be 1den-
tified by the changed reverse voltage, for example.

To be more specific, a characteristic quantity for evaluating,
the authenticity of the diode can be the temperature depend-
ing leakage current ofthe diode. Thus, the leakage current can
be measured at different temperatures or over a specific tem-
perature range, wherein the measurement results may be
compared with specific values of an authentic diode element.

Moreover, measurement values of the reverse voltage or
the break-down voltage of the diode may provide character-
istics for validating the authenticity of the watermark (imple-
mented as diode element).

The diode can be formed 1n a diode area (1n the marking
region) by means of a pn junction between adjacent (interfac-
ing) semiconductor layers or regions. For achieving the pn
junction, the interfacing semiconductor regions are accord-
ingly doted in the diode area. Moreover, contact elements
(e.g. vias) may be formed to provide electrical access to the
diode structure.

To summarize, based on the pure presence of a diode as
watermark and on specific measurement values of electrical
characteristics of the diode can provide a validation the
authenticity of the watermark and, thus, of the semiconductor
device.

In the following, an exemplary implementation of the
method for manufacturing a marked semiconductor substrate
1s described on the basis of a si1licon material (51) for the first
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semiconductor material and an Si1Ge maternial (S1Ge) for the
second semiconductor material.

For providing a mark (e.g. a watermark or label of a com-
pany logo—e.g. the Infineon logo) on a semiconductor chip,
a thin S1Ge layer with a thickness of about 5 nm (e.g. between
2 nm and 1000 nm) with a germamum (Ge) content of 5%
(e.g. between 4-35%) 1s deposited on a silicon (S1) substrate.
This deposited S1Ge layer 1s structured photolithographically
so that a marking structure (e.g. a sign 1n the form of the
company logo), a code, a barcode, a sign, a sequence of signs
(e.g. alphanumeric signs), a text or any combination thereof
results which comprises the deposited and structured S1Ge-
material. Above the marking structure and at least partially or
completely on the (remaining) surface area of the silicon
substrate, a silicon layer with a thickness greater than 200 nm
or between 20 nm to 1000 nm 1s deposited. The S1Ge structure
may be placed on a location without metallization of the
resulting semiconductor chip.

The reflectivity of the SiGe/S1 stack oscillates between
several maxima and minima in the visible wavelength range,
but differs only slightly from that of a silicon reference, 1.¢. a
reference for a single material (silicon) substrate. In this
connection, 1t 1s pointed to the retlection spectrum of a S1Ge/
S1 stack as outlined 1n FIGS. 2a-b.

As several minima appear per (elementary or fundamental )
color, and the minima and maxima oscillate above and below
the reflectivity of the silicon material (single semiconductor
maternal), essentially no contrast can be seen 1n either the
color or the brightness of white light with the naked eye or 1n
a microscope. A contrast can be seen if for example a narrow
interference filter at the wavelength of a maximum (or mini-
mum) 1s used. On semiconductor chips having silicon as a
first semiconductor maternial, such 1nvisible markings (e.g.
watermarks or labels) can be implemented by buried and
structured semiconductor layers having a second semicon-
ductor matenal (e.g. S1Ge) below an epitaxial semiconductor
layer comprising the first semiconductor material (e.g. sili-
con). If the thickness of the S1Ge layer and the covering Si
layer are chosen appropnately, so that displacements (de-
tects) and/or mechanical stress 1n the respective semiconduc-
tor materials can be essentially avoided, the marking structure
(or structured layer) buried 1n the first sesmiconductor material
1s (essentially) “invisible” in the white light, but becomes
visible under certain wavelengths (e.g. using interference
filters) or under x-rays.

In order to allow the buried marking structure to be read out
optically, the thickness of the covering (second) semiconduc-
tor (e.g. S1) layer can be chosen up to 0.5 um-1 um.

In an example, the buried marking structure 1s to be read
out by means of x-rays, the thickness o the covering (second)
semiconductor (e.g. S1) layer can be chosen up to several um
(e.g. up to 5 or 10 um).

To summarize, a buried epitaxial layer comprising a sec-
ond semiconductor material (e.g. S1Ge), which 1s not an elec-
trical functional layer as in heterobipolar transistors or
strained silicon layers, can be used as an invisible mark or
code (1.e. watermark, label or logo) that can be read out by
colored light (e.g. using an interference filter), UV-light or
infrared light, X-rays or polarized light, to i1dentily the
authenticity of a semiconductor chip (an integrated circuit,
etc.). Thus, any cloned semiconductor chip can be reliably
identified in order to prevent fraud, for example, for chips 1n
clectronic passports, ID cards, credit cards or any integrated
chip 1n general.

Contrary to watermarks on banknotes, which become eas-
1ly visible under UV-light, transmitted light and so on, the
marking of a semiconductor according to embodiments of the
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present invention are (highly) fraud resistant as these marks
and signs cannot be easily faked or cloned (reproduced) as
they become only visible under very specific (radiation
exposing) conditions.

According to a further exemplary implementation of the
method 100 for manufacturing a marked semiconductor sub-
strate, a metallization layer having a thickness d,, may be
deposited above an 1sulation (e.g. oxide) layer on the cov-
ering semiconductor layer (having the second semiconductor
material)) and at least partially over the marking structure. The
metallization layer may comprise aluminum.

According to the further exemplary implementation of the
method for manufacturing a marked semiconductor sub-
strate, a buried and structured layer comprised of a second
semiconductor material (e.g. a S1Ge semiconductor material)
under a epitaxy layer comprised of a first semiconductor
material (e.g. a s1licon material) 1s used below a metallization,
¢.g. an aluminum metallization. Thus, a buried SiGe layer
under a silicon epitaxy layer may be used below an aluminum
metallization. Because of the (essentially) same color of the
S1Ge/S1 stack and the surrounding silicon and the same
brightness the marking structure comprised of the Si1Ge semi-
conductor material 1s not visible (see above). Furthermore,
the marking structure 1s partially or completely hidden below/
behind the aluminum metallization layer.

However, as the Ka. line of aluminum has an energy of 1.4
keV and the Ka line of Ge has an energy of 9.6 keV, the
marking structure becomes clearly visible in X-rays, even 1
the semiconductor substrate 1s hidden by a casting or the
envelope of a passport.

In X-ray spectroscopy Ka emission lines result when an
clectron transitions to the mnermost “K” shell from a 2p
orbital of the second or “L” shell.

FIG. 2a shows the optical absorption coetlicients of S1 and
S1Ge 1n the optical (visible) range (eV). FIG. 2b shows the
reflection spectrum of a SiGe/S1 stack (e.g. at the marking
region) using S1Ge ellipsometry and retlectometry. The S1Ge
material has an exemplary Ge content of 5%, wherein the
S1Ge marking structure 1s buried under an unstructured Si
layer having an exemplary thickness of 159 nm.

The spectra as shown 1n FIGS. 2a-25 are intended to prin-
cipally indicate and explain general physical relationships
based on specific materials and layer thicknesses. Thus,
FIGS. 2a-2b are merely illustrative for the principles of the
present invention. It 1s understood that different layer thick-
nesses and materials for the different layers can be chosen in
accordance to the above description.

Spectroscopic ellipsometry 1s an optical technique that can
be used for material analysis. A light beam 1s reflected off of
the sample of interest, e.g. at the marking region of the
marked semiconductor chip. The light beam 1s then analyzed
to see how the sample changed the characteristics of the light
beam. Delta (A) 1s the phase difference induced by the reflec-
tion. Ps1 (W) 1s the ratio of the amplitude diminutions. The
desired material immformation can be extracted through a
model-based analysis using equations to describe interaction
of light and maternals.

FIGS. 3a-b show an exemplary implementation of a semi-
conductor substrate achieved by the method 100 as shown 1n
FIG. 1.

As shown 1n FIGS. 3a-b, the marked semiconductor chip
200 comprises a single-crystalline (monocrystalline) sub-
strate 210. The single-crystalline substrate 210 may comprise
a semiconductor material (e.g. S1 or GaN etc.) or a single-
crystalline insulation material (e.g. sapphire). A marking
structure 220 1s buried under a covering semiconductor 215.
The marking structure 220 comprises a first semiconductor
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material, wherein the covering (second) semiconductor layer
215 comprises a second semiconductor material.

In an example, the single-crystalline substrate 210 com-
prises the second semiconductor matenal, the structured
semiconductor layer 220 1s located under the second semi-
conductor layer 215 and, thus, 1s burnied “in” the second
semiconductor material.

In an example, the single-crystalline substrate 210 and the
covering semiconductor layer 215 comprise different single-
crystalline materials, the structured semiconductor layer 220
1s located between the single-crystalline substrate 210 and the
covering semiconductor layer 215 and, thus, buried “under”
the second semiconductor material. The single-crystalline
substrate 210 may comprise a single-crystalline sapphire
maternal, for example.

The marking structure 220 1s a structured layer of a first
semiconductor material buried under the second semiconduc-
tor material of the second semiconductor layer 215. The lat-
tice mismatch of the first and second semiconductor materials
1s less than 10%, 1.e. the difference of the lattice constants of
the first and second semiconductor materials 1s less than 10%.
For example, silicon (S1) has a lattice constant a, of 5,43095
A at 300K. Ge has a lattice constant a,., which is 4.2%
higher than the lattice constant a., of silicon (a; =1,042 a_,).

As the marking structure 1s essentially “invisible”, the
marking structure 220 1s indicated by dotted lines 1n FIG. 3a.

The marked semiconductor chip 200 may further com-
prises a metallization layer 230 above an 1insulation 2235 (e.g.
oxide or nitride) layer on the semiconductor substrate 210 and
over the marking structure 220, wherein the metallization
layer 230 covers at least partially the second semiconductor
layer and the marking structure 220. The metallization layer
230 may comprises aluminum.

Additionally or alternatively to the above described mark-
ing structure 1n form of alabel, the marking structure 220 may
also comprise a diode element 222 (e.g. a pn junction) which
1s accessible to the outside by means of contact elements.

The first semiconductor material may comprise Si,
wherein the second semiconductor material may comprises
S1Ge or a S1GeSn. In this case, the S1Ge-material may have a
Ge (germanium ) content of up to 30% or the SiGeSn-matenial
has a Sn (tin) content up to 10%.

Alternatively, the single-crystalline substrate material may
comprise GalN or Sapphire (Al,O,). The first semiconductor
material may comprise GaAlN, wherein the second semicon-
ductor material may comprise GaN.

As already 1indicated above, other maternials can be utilized
tor the first semiconductor material and the second semicon-
ductor material insofar as the lattice mismatch of the utilized
semiconductor materials 1s within a predefined range and a
semiconductor stack comprised of the first semiconductor
material and the second semiconductor material can be pro-
cedurally realized by means of semiconductor processing
techniques.

In general, the first semiconductor material has a first lat-
tice constant a,, the second semiconductor material has a
second lattice constant a,, and the lattice mismatch m 1s based
on Aa/a,, wherein Aa 1s a, -a,. Thus, any semiconductor mate-

rials can be utilized which fulfill the above conditions for the
lattice constants.

As shown 1n FIGS. 3a-b, the first semiconductor material
has a thickness d, less than 1000 nm (or between 2 nm and
1000 nm), wherein the second semiconductor material, which
covers the marking structure 220 and (at least partially or
completely) the surface area of the semiconductor substrate,
has a thickness d, between 20 nm and 1000 nm.
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The marked semiconductor chip 200 may further comprise
circuit elements (not shown in FIGS. 3a-b) 1n the first semi-
conductor material. In general, the marking structure 220 1s
without electrical functionality for the circuit elements.

Thus, the marking structure 220 may form a label or a so
called watermark for the semiconductor chip 200 and may
comprise a (company) logo, a code, a barcode, a sign or a
sequence of signs (alphanumeric signs), a text or a combina-
tion thereof. The marking structure 220 may indicate any
manufacturing details, e.g. manufacturer, manufacturing
location, manufacturing date, serial number, batch, lot or
charge number, etc. or any combination thereof.

Although some aspects have been described in the context
ol an apparatus, it 1s clear that these aspects also represent a
description of the corresponding method, where a block or
device corresponds to a method step or a feature of a method
step. Analogously, aspects described in the context of a
method step also represent a description of a corresponding
block or 1tem or feature of a corresponding apparatus.

The above described embodiments are merely illustrative
for the principles of the present invention. It 1s understood that
modifications and variations of the arrangements and the
details described herein will be apparent to others skilled 1n
the art. It 1s the intent, therefore, to be limited only by the
scope of the impending patent claims and not by the specific
details presented by way of description and explanation of the
embodiments herein.

Although each claim only refers back to one single claim,
the disclosure also covers any conceivable combination of
claims.

What 1s claimed 1s:

1. A marked semiconductor device, comprising:

a single-crystalline substrate, the single-crystalline sub-
strate comprising a first material, and

a marking structure on the single-crystalline substrate,
wherein the marking structure is a structured layer of a
first semiconductor material buried under a second
semiconductor material of a second semiconductor
layer.

2. The marked semiconductor device according to claim 1,

further comprising:

a metallization layer above an 1nsulation layer on the sec-
ond semiconductor layer and over the marking structure,
wherein the metallization layer covers at least partially
the second semiconductor layers and the marking struc-
ture.

3. The marked semiconductor device according to claim 2,

wherein the metallization layer comprises aluminum.

4. The marked semiconductor device according to claim 1,
wherein the first semiconductor material comprises SiGe or
S1GeSn, and wherein the second semiconductor material
comprises Si.

5. The marked semiconductor device according to claim 1,
wherein the first material comprises of GaN or sapphire,
wherein and the first semiconductor material comprises
(GaAIN, and wherein the second semiconductor material
comprises GaN.

6. The marked semiconductor device according to claim 1,
wherein the first semiconductor material has a thickness d,
between 2 nm and 1000 nm, and wherein the second semi-
conductor material, which 1s deposited on the marking struc-
ture and at least partially on a surface area of the single-
crystalline substrate, has a thickness d, between 20 nm and
1000 nm.

7. The marked semiconductor device according to claim 1,
turther comprising:
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circuit elements in the second semiconductor material,
wherein the marking structure 1s without electrical func-
tionality of the circuit elements.

8. The marked semiconductor device according to claim 1,
wherein the marking structure comprises a logo, a code, a
barcode, a sign or a sequence of signs, a text or a combination
thereof.

9. The marked semiconductor device according to claim 1,
wherein the marking structure comprises a buried diode ele-
ment.

10. The marked semiconductor device according to claim
1, wherein a lattice mismatch of the first and second semi-
conductor materials 1s less than 10%.
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